Thus, the newly detected collagen in RA-treated skin could reflect either increased collagen synthesis or reduced breakdown. These studies provide molecular mechanisms for the repair and prevention of photo damaged skin by RA.
T opical application of all-trans retinoic acid (RA) has been shown to improve the clinical appearance of photo damaged skin (Kligman et ai, 1986; Weiss et ai, 1988) . How repair is brought about is not fully understood, but retinoid treatment results in regeneration of the dermal collagenous matrix (Griffiths et ai, 1993) . Past studies have shown that retinoids induce collagen synthesis in human demlal fibroblasts in monolayer culture (Varani et ai, 1990) .
1 Recently it has been shown that topical application of RA to human skin prevents UV induction of a number of matrix metalloproteinases (MMP) involved in destruction of the extracellular matrix (Fisher et ai, 1996) .
Thus, the newly detected collagen in RA-treated skin could reflect either increased collagen synthesis or reduced breakdown. These studies provide molecular mechanisms for the repair and prevention of photo damaged skin by RA.
It was at one time believed that cutaneous photo-damage and intrinsic aging of skin were distinct biologic processes. Moreover, it was believed, based on studies with UV-irradiated hairless mice, that retinoids functioned to repair damage specifically induced by UV light (Kligman et ai, 1984; Chen et ai, 1992) . Recent studies have shown, however, that some of the deleterious changes observed in sun p rotected skin during the aging process (Lavker, 1979; Gilchrest, 1984; Pieraggi et ai, 1984; Grove, 1986; Kligman and Lavker, 1988; West, 1994) beneficial effects in the treatment of intrinsic aging, just as they have in the treatment of photodam age.
PATHO-PHYSIOLOGIC EVENTS IN INTRINSIC SKIN

AGING
Altered proliferative responses in aged skin cells A number of studies have examined ilt pitro growth of keratinocytes and fibroblasts isolated from different-aged individuals. Growth capacity of hI pitro aged fibroblasts and keratinocytes has also been assessed. To summarize this work, there is a reduction in growth capacity of both cell types as a result of the aging process (Gilchrest, 1983; Stanulis-Praeger and Gilchrest, 1986; Sauder et ai, 1988) . The age-associated reduction in growth appears to be irrespective of the factor used to stimulate growth.
This suggests that the aging process induces physiologic changes that render keratinocytes and fibroblasts insensitive to stimulation.
Using fibroblasts aged in vitro, signaling events in cell cycle progression pathways hav e been examined. These studies have shown that growth arrest associated with ilt vitro senescence is characterized by a loss of c-fos expression and a failure of c-fos induction after stimulation (Seshadri and Campisi, 1990; Riabowol et ai, 1992; Irving et ai, 1992; Gilchrest et ai, 1994; Dimri and Campisi, 1994; Grassilli et ai, 1 996) .
Studies with keratin ocytes also suggest altered expression of growth regulating molecules with age . In particular, decreased EGF bin ding and decreased EGF receptor phosphorylation have been identified as " upstream" alterations (Yaar, 1995) in conjunction with decreased c-fos inducibility. Other age-associated abnormalities that have been identified include increased expression of IL-l receptor antagonist and increased expression of differentiation-associated SPR2 (Gilchrest et ai, 1994) .
Decreased response of old cells to a myriad of factors that promote growth in young cells coupled with the abnomlalities in growth factor signaling, have led to the speculation that alterations occur in the structure of the cell membrane or directly in one or more of the critical signaling elements du ring aging, and that these changes render cells insensitive (nonselectivcly) to a variety of environmental stimuli. Changes in matrix production and breakdown Reduced pro liferative capacity is not the only defect that occurs during aging.
Fibroblasts aged in culture and fibroblasts taken from aged individuals have also been shown in several studies to synthesize small er amounts of both types I and III collagen than young fibroblasts (Johnson et ai, 1986; Martin et ai, 1990; Mays et ai, 1991; Furth, 1991; Autio et ai, 1994; Brinckmann et ai, 1995; Jarisch et aI, 1996) . The decrease in collagen production is associated with reduced mRNA levels for both colla g en types (Bizot-Foulon et aI, 1995), suggesting decreased synthesis rather than a change in secretion or increased breakdown.
At the same time, abnonnal expression of MMP has been noted in MMP inhibitor levels appear to be similar in cells from young and old donors so that the ratio of collagenase to inhibitor is increased in the aged cells. Not surprisingly, it has been shown that not only is there a higher level of interstitial collagenase mRNA and protein in aged cells, but that this is associated with increased degradation of newly synthesized pro-collagen I (Mays et aI, 1991).
These findings, represented schematically in Fig 1, are consistent with the hypothesis that intrinsic aging of human skin results from a combination of events including (i) decreased growth capacity of the major cellular elements of both the epidennis and the dermis;
(ii) decreased collagen synthesis; and (iii) increased expression of enzymes that degrade the colla g enous matrix. Together, these changes could underlie the thinning and fine wrinkling that are consistent features of aged skin (Lavker, 1 979; Gilchrest, 1984 ; Pieraggi et aI, 1 984; Grove, 1986; Kligman and Lavker, 1988; West, 1994) . At the same time, these [mdings suggest that the patho-physiology of intrinsic skin aging overlaps with that of photoaging.
RETINOID EFFECTS ON HUMAN SKIN IN VITRO:
COMPARISON OF SUN-EXPOSED AND SUN-PROTECTED
ADULT SKIN WITH NEONATAL SKIN
Past studies in the hairless mouse model have shown that retinoids repair damage to the connective tissue mediated by acute UV exposure (Kligman et ai, 1984; Schwartz et aI, 1991; Chen et aI, 1992) . Based on these studies, it has been postulated that the retinoid effect is primarily a response to UV-induced skin damage. As such, there might be no reason to expect that retinoid treatment would be beneficial in counteracting the effects of the intrinsic aging process. On the other hand, RA has been shown in a limited clinical study to beneficially and sun-exposed (forearm) skin from the same individuals were examined for response to RA in organ culture (Varani et ai, 1993 (Varani et ai, , 1994 . In parallel, epidermal keratinocytes and dermal fibroblasts were established from the same tissues and examined in monolayer culture.
Neonatal foreskin obtained at circumcision was used for comparison.
Tissues were maintained for 10 d under control conditions or in the presence ofRA (0.5-1.0 llg per mI). Fresh culture medium and RA were provided at 2 d intervals. Proliferation of keratinocytes and fibroblasts was assessed both in organ culture and in monolayer culture. Production of collagen type I and fibronectin were assessed as indicators of extracellular matrix elaboration.
Results from tlus study are summarized in Figs 2 and 3. Briefly, retinoid treatment increased growth of fibroblasts and keratinoctyes from organ cultures of both sun-protected and sun-exposed adult skin, but was not effective in stimulating growth of neonatal fibroblasts and Figure 3 . Effects of RA on collagen I production in organ cultures of adult sun-protected skin, adult sun-exposed skin, and neonatal foreskin.
Collagen synthesis was assessed as incorporation of 14e-proline into pepsin resistant, trichloroacetic acid-precipitable materiaL Values shown represent means and standard errors. Statistical significance was determined by Student t test. *p < 0.05. Resolution of pepsin-resistant material by sodium dodecyl sulfute-polyacrylamide gel electrophoresis and autoradiography is shown in the lower part of the figure. keratinocytes . RA treatment also stimulated proliferation of adult fibroblasts and keratinocytes (from either skin site) in monolayer culture. In contrast, neonatal fibroblast growth was inhibited by RA under the same conditions.
With regard to extracellular matrix: production, collagen type I synthesis was increased in retinoid-treated adult tissues as c ompared with control . No differences betwe en sun-exposed and sun-protected skin were seen. In contrast, there was little change (from control) in the levels of collagen I synthesis between retinoid-treated and control neonatal foreskin (Fig 3) . When fibronectin synthesis was examined, the results were parallel with those seen with c ollagen L That is, treatment of adult skin in organ cultures and adult fibroblasts in monolayer cultures increased fibronectin production, and this was independent of skin site (not shown). In contrast, fibronectin production by neonatal foreskin in organ culture and by neonatal fibroblasts in monolayer culture was not increased by RA (not shown) . Figure 4 shows the typical appearance of adult and neonatal skin after 10 d in organ culture. The adult tissue showed the characteristic epidermal thickening in the presence ofRA (a, b) while no significant change in epidermal thickness was observed in the neonatal foreskin between the control and retinoid-treated tissue (c, I). An increase in staining of the connective tissue band immediately below the dermo epidermal junction was also seen in RA-treated adult tissue relative to control. Not surprisingly, this was only readily apparent in badly sun damaged tissue (e,j).
DISCUSSION
Intrinsic skin aging (i.e., occuring due to the passage of time) is considered to be separate from and unrelated to sun-induced premature skin aging (Kligman, 1979; Lavker, 1979; Gilchrest, 1984 Gilchrest, , 1987  Pieraggi et ai, 1984; Grove, 1986; Kligman and Lavker, 1988; West, 1994) . Although the etiologies are different, it is apparent that some of the features that characterize photoaged skin (e .g., increased MMP activity and decreased c ollagen expression) are also present in intrinsic ally aged skin. The degree to which proteinase activities are elevated in old skin appears to be less than that seen following acute exposure of the skin to UV light. In intrinsicall y aged skin, however, enzyme levels are constitutively elevated. An additional feature of intrinsic aging is the reduction in keratinocyte and fibroblast growth capacity. The chronic destruction of the dermal matrix, coupled with the inability to replace the damaged matrix over time, may account for the thinning and fine wrinkling that are characteristic features of old skin.
Retinoids may have the capacity to antagonize these age-related changes in the skin. Studies with skin in organ culture (Varani et ai, 1993 (Varani et ai, , 1994 as well as with keratinocytes and fibroblasts in monolayer culture (Varani et ai , 1989 (Varani et ai , , 1990 , have demonstated the growth promoting activity of RA for both cell types. Of interest, induction of cell growth in organ culture occurred equall y well with cells from sun-protected and sun-exposed adult skin but enhanced growth was not observed with neonatal skin under the same conditions (Varani et ai, 1994) . Previous studies have shown that RA suppressed proliferation of neonatal foreskin fibroblasts when the cells were rapidly proliferating, but stimulated their growth when basal growth was inhibited (Varani et ai, 1990) . In a similar manner, RA inhibited growth of rapidly proliferating keratinoctes but stimulated proliferation of growth-arrested cells (Varani et ai, 1994) . Thus, the proliferative response of skin cells to RA depends to a large extent on the proliferative state of the cells at the time of treatment. The ability of RA to stimulate proliferation of adult cells most likely reflects the reduced basal growth rates of these cells. How retinoids act at the molecular level to reverse age related decreases in. keratinocyte and fibroblast growth is not fully understood. Modulation of the transcription of genes involved in growth control (Chambon, 1996) and/or alteration of membrane structurelfunction (Varani et ai, 1995 (Varani et ai, , 1996 could be involved.
The molecular events underlying the RA effect on collagen expres sion are also not fully understood. Induction of collagen synthesis may be involved. This could either be a nonspecific event, occuring in parallel with fibroblast activation and overall protein synthesis, or reflect a specific retinoid effect on collagen gene expression (Schwartz et ai, 1991) .
] Alternatively, the capacity of RA to inhibit various MMP activities (Fisher et ai, 1996 ) might all ow for maturation of newly synthesized pro collagen.
Previous studies have shown that retinoids improve the appearance of photoaged skin (Kligman et ai, 1986; Weiss et ai, 1988) . The data presented here suggest that at the cellular level, adult, sun-protected skin responds to retinoid treatment in an analogous manner to that of adult, sun-exposed skin. The response of both is diff erent from the response of neonatal skin under the same conditions. The implication of this is that retinoids modulate the behavior of fibroblasts and keratinocytes regardless of whether the skin is damaged by the passage of time or by exposure to the sun. This suggests that topical retinoids might be used to treat or prevent the thin, fragile skin seen in aged persons.
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